Introduction
The table and dried grape industry has experienced remarkable growth over the past ten years, both in volume and in value. The total value of the industry increased from R1.2 billion in 1997/98 to R2.3 billion in the 2006/07 season (DoA, 2008) . Over the same period total production increased from 333 000 tons to 522 000 tons. Fresh grapes account for over 80% of the total value of production with a value of R1.99 billion in 2006 /07 (DoA, 2008 . The largest share of this value is earned in the export market as the local market accounts for approximately only 13% of fresh grapes sold. Unfortunately for South African producers, the average export realisation price did not follow a similar increasing trend as with volume. The export price traded at R6 900/ton in 1997/98, reached its peak in 2000/01 at R8 400/ton and dropped the year after to R5 800/ton. The average export price for 2006/07 is estimated at R7 800/ton. Deflating the prices to constant 2000 prices shows that the average export price declined from R8 100 in 1997/98 to R4 900 in 2006/07. Transforming the average Rand prices into Euro prices, the currency of South Africa's main trading partner, the price declined by almost 30% in real terms over the past ten years.
The declining trend in the price of South African grapes over the past ten years reflects a number of issues or forces, including increased supply of South African grapes, increased competition from other Southern Hemisphere countries, increased concentration of buying power in the export markets, the largely fragmented South African industry following deregulation in 1997 and increased uncertainty in the global market place.
On the positive side, returns in the export market increased for the past two consecutive seasons. But to what extent are these price increases supply driven and to what extent demand driven? Did export prices reach the trough of the downward cycle and will global food inflation and rising input costs support the price of fresh grapes consumed by the wealthy Northern Hemisphere consumers? Or are the price increases of the past two seasons temporary fluctuations in an even longer term downward price cycle?
There are no easy answers to these questions as economies, policies, weather and market structures change continuously and at an increasing pace. It is for this reason that the Bureau for Food and Agricultural Policy is committed to the development and maintenance of a serious of models analysing different future scenarios and assisting industry in informed decision-making. The purpose of this article is to describe a simulating model projecting future demand, supply and prices for the South African table grape industry. This dynamic recursive partial equilibrium model was developed with the purpose of analysing "what if' questions, assisting the industry forming a picture of the likely impact market and other changes might have on future price movements by answering "what if" questions.
The remainder of the paper is structured as follows: Sections 2 and 3 provide some background on the table grape industry over the past two decades and the data sources. The structure of the model is discussed in Section 4 and this is followed by a discussion of the so-called baseline simulation. Section 6 provides two examples of model applications in answering "what if" questions and Section 7 contains some concluding remarks.
Overview of the South African table grape industry
The production of table and dried grapes almost doubled over the past ten years as total tonnage increased from 345 895 tons in 1997 to 522 144 tons in 2007 (see Figure 1 ). The increase in volume was mainly concentrated in the export market as total volume exported increased from 109 900 tons to 227 265 tons. The declining trend in the real Rand price for South African grape exports is not only prevalent for the last decade, but actually for the past two decades as shown in Figure 2 . In constant 2000 prices, the average export price for grapes was R11 000/ton in 1986, declined to R6 800/ton in 1996 and to R4 100/ton another ten years later. The main export destination of South African grapes remains the European Union, with 84% of exports destined for the EU-15 countries. The EU is followed by Hong Kong, United Arab Emirates and Saudi Arabia. South Africa is the second largest grape exporter in the Southern Hemisphere, lagging behind Chile that exported 812 000 tons in 2006.
The domestic market price for fresh grapes traded fairly stable over the past two decades ranging between R2 700 and R3 700 per ton. The domestic price was the lowest in 2000, but since then followed an increasing trend despite increasing volumes. 
Data sources
Data on grape production, exports, volume sold in the domestic market and grapes allocated for processing and drying were obtained from the Deciduous Fruit Producers' Trust (DFPT, 2008), the South African Table Grape Industry  (SATI, 2008 ) and the National Department of Agriculture (DoA, 2008) . Data on exports per country and intakes per region were obtained from the Perishable Products Export Control Board and the South African Table Grape Industry. Exports of fresh grapes from other Southern Hemisphere countries were obtained from the Food and Agricultural Organisation (FAO, 2008) and Decofruit (Quiroz, 2006) . The frequency of the data is annual and most data are available from 1986.
The model
This model is a dynamic recursive partial equilibrium model. 
Equation specifications
This section describes the behavioural equations, identities and the closure used in the model. The model is divided into three sections: the supply and allocation block, demand block and price linkage block.
A single-equation approach was followed, but the equations form part of a system of equations that solves simultaneously. The equations were estimated using the estimation procedure of Ordinary Least Squares, but considering that the primary objective of the model is to replicate the industry, synthetic parameters were imposed in some cases to ensure reasonable model behaviour. (See the Appendix for details on parameter estimates and calculated elasticities.) All equations are estimated over a period from 1985/86 (i.e. 1 October 1985 to 30 September 1986, referred to as 1986 in model) to 2005/06, with the exception of the total area and export demand equations. Time series data for the dependent variables in these models are only available since 1997 and 1999 respectively; hence synthetic parameters were imposed in constructing these equations. The data interval is annual and t is used to indicate the year. All variables in the model and the estimated parameters are listed in the Appendix.
Supply and allocation block
In theory, the supply side of a model for perennial crops should consist of the following components: new plantings, removals and yield, but data is a common problem with this approach, therefore is only total area estimated. There are three approaches to modelling total supply of a long-term crop: a backward looking approach taking into account historical prices, a forward looking approach discounting expected future returns (an investment type of function) or a combination of the two (Nerlove, 1979: 875) . A backward looking approach is applied in this model by using a weighted average return per hectare between the export and dried prices. Perennial crops have a lag period between planting and reaching full production (it takes 3 to 5 years for a vineyard to reach full production), but allowing prices to influence production only in five years time is not a true reflection of reality and it makes the production function too static in its response to market changes. 
Allocation of domestic production
Total production is allocated to fresh exports, fresh domestic market, pressing and drying and processing. Numerous factors influence the allocation decision including cultivar, variety, quality and relative prices. Due to data limitations and difficulty in quantifying quality the allocation decisions is modelled primarily as a function of prices. The volume of table grapes marketed fresh in South Africa (TGFMSSA) depends on last year's volume sold in domestic market, total production and the ratio of expected return in the domestic and the expected and last year's return for dried grapes. Export supply is a function of last year's supply, total production and the ratio between the previous year's export price and the expected export price and the dried price of the previous season. An ifstatement is included in both the supply equations. Should the average price in the domestic market exceed the average export price for two consecutive seasons, agents are expected to change their behaviour and shift larger volumes to the domestic market. Hence, allocation to the domestic market will be a function of the price difference between the expected domestic and expected export price, while export supply will depend on the price ratio of expected and last year's domestic and export prices. The if-statements are only activated after two years of lower returns in the export market, because agents are reluctant to withdraw from international marketing as the export business of perishable fruit exporters rely heavily on building and maintaining relationships. Not supplying the required volumes of fruit to the importer/supermarket may result in loosing the programme the following year. The price of dried grapes is a function of the lagged price, the average fresh domestic price of the previous season, the supply of grapes for drying and processing, the world production of raisins and a shift variable for the years following deregulation.
The model is closed by finding the equilibrium prices in export and domestic market where supply equals demand in these market segments.
The baseline outlook
Using these models, a so-called baseline outlook is simulated under a particular set of assumptions. The baseline does not constitute a forecast, but serves as a starting point or benchmark against which other scenarios or "what if" questions can be measured or evaluated.
Agricultural industries in South Africa are largely driven by macro-economic indicators over which the agricultural domain has little or no control. For the table grape industry these include, among others, the exchange rate, population and economic growth (which are important drivers in the demand for food) and total export volumes from other Southern Hemisphere countries. The baseline assumptions for a selected set of macro-economic indicators are shown in Table 1 Based on these assumptions and the historical relationships and interdependency among a variety of variables total area under dried and table grapes in South Africa is projected to increase by 1600 hectares over the next seven years. Assuming average weather conditions, the additional hectares is projected to add over 13,000 tons or 2.9 million equivalent cartons of grapes exported. 
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Figure 4: The export market for South African grapes
The projected depreciation in the exchange rate serves as buffer against the declining Euro price, resulting in increasing Rand prices shown in Table 2 . However, the depreciation in the Rand is not sufficient to ensure real increases over the baseline period. The average export price is projected to decline in real terms from 2009 to 2012, before it starts to recover from 2013 onwards. Although the local market for fresh grapes is small compared to the export segment, this market might become increasingly important should prices in the export market remain under pressure. The domestic market for fresh fruit showed excellent growth over the past seven years. The real price of table grapes increased on average by 2% per annum, while volume traded also increased by 2% per annum. The slow down in the economy and the high inflationary pressure is projected to put downward pressure on the local price over the next two years, but from 2010 onwards real prices are projected to increase at an increasing rate over the remainder of the baseline period as macro-economic conditions in the economy improve.
Answering "What if…" questions
As mentioned before, the future is characterised by risk and uncertainty. Key uncertainties for the South African table grape industry include movements in the exchange rate, economic growth and disposable income in South Africa, the EU and other export destinations, weather conditions, future export volumes from other SH countries, access to new markets, non-trade barriers, oil prices and the impact thereof on shipping costs, etc. All of these factors influence either demand or supply and prices. The model discussed can serve the purpose of analysing different possible future scenario's by answering "what if" questions. The results of two "what if" questions are discussed in this section.
Export supply of fresh grapes from other Southern Hemisphere countries increased on average by 7% per annum from 1999 to 2006. Export volumes from Chile and SA, the largest and second largest exporters of fresh grapes in the Southern Hemisphere, increased respectively by 6% and 4% per annum over this period. Over the same time, the average price received for South African grape exports declined on average by 9% per annum in real terms. Based on the decline in price and profit margins over the past five years, the assumption in the baseline is that exports from other Southern Hemisphere countries will slow down to 1% per annum. But, what if export volumes from South Africa's competitor countries continue to increase by 7% per annum for the next five years?
The model results show that under this scenario there would be an additional 88 million cartons in the market by 2016. This extra volume will put prices under tremendous pressure as shown in Figure 5 . The estimated Euro price for South African grapes will reach an all time low in 2013, where after it is projected to recover slowly as South African supply declines and volume from the rest of the Southern Hemisphere stabilises. The decline in supply of South African grapes is due to production being shifted from the export market to the domestic market and drying segment, and also due to less plantings and consequently lower production. In rand terms, the average real export price is projected to decline sharply to R2600 (constant 2000 prices) in 2013 (vs. R5200 in the baseline), which is R800 below the domestic price (see Figure 6 ). After two consecutive years of lower returns in the export market compared to the domestic market, volumes are projected to shift from the export to the local market, resulting in the domestic market price to plummet to R3000/ton. The lower export volumes (and stabilising Southern Hemisphere supplies) support the export price and both prices drift upwards over the remainder of the baseline period. By 2016 volume sold fresh in the local market is almost 6% higher than the baseline level, despite a decline of 5% in total production relative to the baseline. Total exports are 8% lower than the baseline level. Consider the impact of increasing export demand by another 2.8 million cartons over the next six years. We shall probably not see an increase of 2.8 million cartons, because it is unlikely that supply can match this quantity. The model results show that additional demand increasing linearly to reach 2.8 million cartons in 2014 will lead to an average export price of R17,600/ton in 2016. This translates to a real price of R6,900/ton, a price level similar to that of the early 2000's. However, by 2016 production will be 2.3% higher compared to the baseline level, resulting in relatively higher supply in the domestic market and therefore relatively lower prices (see Figure 7 ). 
Concluding remarks
The table grape industry has a long history of declining real prices, but in the wake of rising input costs and global food inflation the past two seasons of increased returns in the export market incites hope for a reversal of the downward price cycle. The partial equilibrium model presented in this paper is a tool to provide different possible future outlooks for the table grape industry, depending on the global macro-economic outlook. The model is not developed for the purpose of forecasting, but rather for the purpose of informing government, industry, producers and business on the dynamics of the industry and should be regarded as one of the tools in the planning process. The model is also a method for teaching role-players more about the dynamics of the industry.
The results presented in this paper clearly illustrate the importance of demand and supply in the determination of prices. In the baseline outlook, where the exchange rate depreciates, global economic growth slows down, supply from other Southern Hemisphere countries increase at 1% per year and no new markets are penetrated, the real export realisation price is projected to stabilise between R5000/ton and R5500/ton (constant 2000 prices) over the next eight years. However, should supply from other southern hemisphere continue to increase at the historical rate of 7% per annum, the South African industry faces a pale future of continuing declining prices. On the other, if the industry can repeat the history and manage to increase demand for South African grapes by opening new markets the export price might set on an upward trend for the first time in 20 years. 
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